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'^ ■ AHHOTau,Ha 

c , 

O ', CflejiaHO npe^nojiojKeHHe, hto scJicJjeKT saHHJKeHHH bmcot o5'ieK- 

^ ' TOB HCCJie/I,OBaHHH ACM o5yCJIOBJieH KOHTaKTHblMII fle4)OpMaiI,HHMII. 

^jia KOJiHHecTBeHHoro onHcaHHH 34)4)eKTa npiiMeneHO pemeniie koh- 

►^ , TaKTHOH sa^aHH repLi,a. IIocTpoeHO o6ii],ee HiicjieHHoe penieniie saj^aHU, 

^T) ' a TaKJKe, j^jin cjiynaa ii;HjiHH/];pHHecKoro o6pa3Li,a, HaftfleHbi npnGjiH- 



jKeHHbie anajiHTHHecKHe pemeHHa, cnpaBefljiHBbie npH onpeflejieHHbix 
cooTHomeHHHX napaMBTpoB reoMeTpHH KOHTaKTa. OGnapyjKeHO, hto 
HaH;i;eHHbie pemeHHS xopomo corjiacyioTCH c SKcnepHMeHTajibHbiMH 



(~^ • peayjibTaTaMH. PaspaGoTaHHbift no^xo/i; nosBOjiHji onpeflejiHTb ynpy- 

rue napaMBTpbi OT^ejibHoro MHKpoo6'beKTa, aflcop6HpoBaHHoro na no- 

BepXHOCTb TBep/I,OH nO/],JIOJKKH. 

K^ . HecMOTpa na bosmojkhoctij flocxHJKeHHa BbicoKoro npocxpaHCTBeHHoro 

H I paspemeHHa, HH(|)opMan;HH, nojiynaeMaa MeTo;i,aMH soHflpBoti MHKpocKonnH 

(b HacTHocTH — axoMHo-cHjioBOH MHKpocKonHH (ACM)), B psfl^e cjiynaeB 
HeafleKBaxHo oToGpaacaeT peajibHbie oco6eHHocTH noBepxHocxH Bcjie;];cTBHe 
apme(f}aKmoe Mexo^a, o6ycjioBjieHHt.ix BjiHHHHeM HHcxpyMeHxa Hccjie^oBa- 
HH3 Ha HsyHaeMbiit o6neK'm. 3xh apxe(|)aKxt.i, xax npaBHjio, jierxo ynnxBi- 
BaioxcH Ha KanecxBeHHOM ypoBHe npn HHxepnpexaH,HH ACM-pesyjibxaxoB, 



oflHaKo cneii,H(|)HKa pa;i,a 3a;i,aH MoaceT noxpeGoBaxb KOJiHHecxBeHHbix on,e- 
HOK H MeTo;];oB BoccxaHOBjieHHH peajiBHOH reoMexpHH o6x.eKxoB. 

Mbi npoanajiHSHpoBajiH ^Ba ochobhbix apxe(|)aKxa ACM, BjiHHHne ko- 
xoptix oco6eHHO cymecxBeHHO npn npoBe^eHHH Hccjie^oBaHHii omdeAtHUX 
MHKpooGT^eKXOB, a^cop6HpoBaHHL.ix Ha noBepxHocxB XBepfloii no^JioacKH: bcJ)- 
(|)eKxa ymnpeHHa npo(|)Hjia (ocHOBHbie npHHn;Hnt.i Mexo^HKH ynexa 3xoro 
3(|)(|)eKxa HacxHHHo HsjioaceHti b paGoxe jT]) h 3(|)(|)eKxa saHHJKeHHa bbicox 
ACM-H3o6pa>KeHHH o6x.eKxoB Hccjie^oBaHna. PaccMoxpeHHe flaHHoro 3(\)- 
(|)eKxa c no3Hij,HH anajinsa KOHxaKXHtix j\e(\)OY>Ma.i\WA 30iij\a, h o6pa3i];a h3- 
jiaraexca HHJKe. 

KOHTaKTHbie /],e4)OpMaLI,HH 

C nepBbix pa6ox no ACM-BH3yajiH3an;HH MOJiexyji nyKjieHHOBbix khcjiox [2] 
oxMenajiocb, hxo bbicoxbi ACM-H3o6pajKeHHH ^HK cymecxBCHHo 3aHH>Ke- 
Hbi B cpaBHeHHH c HMeioiii;HMHC3 Mo^ejibHbiMH npe^^cxaBjicHHaMH o cxpyK- 
xype MOJieKyjibi. B xo ace BpeMH j^jia pa^^a ;];pyrHx o6x.eKxoB (c 6jih3khmh 

(|)H3HHeCKHMH CBOHCXBaMH, HO OXJIHHHBIMH paflHyCaMH KpHBH3Ht.l) ScJicJieKX 

3aHH>KeHH5i BL.ICOX npo3BjiHjicH Hc cxojiB BBipajKCHHe. TaK, B pa6oxax j3l H] 
6l.ijih BH3yajiH30BaHt.i BHpycHbie HacxHn;t.i xaGaHHoit M03aHKH (BTM) h mo- 
jieKyjibi BHpycHoii PHK, npHHCM 6t.iJio oGnapyaceno, hxo 3(|)(|)eKX 3aHH>KeHHa 
BL.ICOX jxji^ BHpycHbix HacxHii; HecymecxBeneH, b xo BpeMa, KaK Bbicoxa ACM- 
H3o6pa>KeHHH Mojiexyji PHK 3aHH>KeHa Gojiee hcm na 50%, necMoxpa na xo, 
Hxo H xe H fxpyTue o6x.eKxt.i Gbijih, KaK npaBHjio, BHsyajiHsoBanbi na oj^hom 
Kaflpe npn ojxroVi cHjie cKaHHpoBaHHH. HpHMeHeHHe HSJiaraeMott HHJKe Me- 
TOjXMKii no3BOJiHJio HaM KOJiHHecxBeHHO onncaxL. jxaBRbm 3(|)(|)eKX h CB5i3axt. 
ero c pa3jiHHHeM pa^^nycoB nacxHii; BTM (~ 10 hm) h nyKjieHHOBtix khcjiox 
(< Ihm). 

Cjie^ya [5j mbi npe^nojioacHjiH, hxo 3(|)(|)eKX 3aHH>KeHH5i bbicox ACM- 
H3o6pa>KeHHH o6x.eKxoB cBa3aH c KOHmaKmnuMu de(f)opMaii,usiMu. ^eiicxBH- 
xejiBHo, B npoij,ecce cKaHHpoBaHHH 3oh^ h o6pa3en; B3aHMo^eHcxByiox c ch- 
jiaMH nopa^Ka (1 -r- 100) x 10~^H h, b cHjiy Majioro pa^nyca kphbh3hl.i 
30H^Hpyioin;ero ocxpns (~ 10 hm), 0Ka3t.iBaexc5i, hxo KOHxaKXHoe /i;aBjieHHe 
MOJKex cocxaBjiaxb 3HaHHxejit.HyK) Bejinnnny h hphbo^hxb k KOHxaKXHbiM 
fle(|)opMaH;HHM . 

KoHTaKT AByX TGJI 

BnepBtie 3aflaHa o KonxaKXHtix ^e(|)opMaii;H3x ^Byx xeji 6hijia pemena F. repn;eM 
B 1882 r. |6], 6yfleM hcxo^hxb h3 3xoro pemeHHH, H3Jio>KeHHoro, nanpHMep, 



b[7]. Ecjih jiBa KOHTaKTHpyiomHx Tejia c;];aBjiHBaioTCH neKOTopoft chjioh F, 
TO OHH 6y;];yT ;];e(|)opMHpoBaTbca h c6jih3htc3 na neKOTopoe paccTOHHHe h, 
npH 3TOM oGjiacTBK) conpHKocHOBeHHa yjKe Gy^ex ne o^na xoHKa, a neKOTo- 
pbiH ynacTOK KoneHHoii njioma^H S. 

AnajiHs sa^aHH BKjnoHaex paccMoxpeHHe cyMMapnoro xensopa kphbhs- 
HL.I KOHTaKTHpyiomHx HOBepxHocTefi Xa/s + x'a/s rjiaBHBie sHaneHHa KOToporo 
A M B MoryT 6t.iTB BBipaaceHBi nepea rjiaBHtie paflnycBi kphbhshm KOHTaK- 
THpyioniHX HOBepxHOCTCH, cooTBCTCTByioniHe (|)opMyjiL.i j\jiii oGmero cjiynaa 
npHBe;];eHt.i b [7J . 

PemeHHe KOHmaKniHOU sadanu, npn ycjioBHH MajiocTH ;i,e(|)opMan;HH b 

CpaBHeHHH C COOTBeTCTByiOn^HMH pa;i,HycaMH KpHBHSHbl, HOKaSblBaeT, HTO 

(|)opMOH oGjiacTH KOHTaKTa aBjiaeTCH sjijihhc c nojiyocaMH a h 6, h hosbo- 

JIHCT BbipaSHTt. 3TH BejIHHHHbl, a TaKJKC cGjIHJKeHHe Sa CHeT ;];e(|)opMaH,HH h, 

Hepes HSBecTHbie napaMeTpbi sa^ann: Bejinnnny c^aBjiMBaiomeit chjibi F, na- 
paMeTpbi reoMCTpHH KOHTaKTa A r B, a TaKace K03(|)(|)Hn;HeHT D, o6paTHL.iii 
34)4)eKTHBHOMy MOflyjiK) ynpyrocTH: 




3;i,ecb E, E', ana' uoflyjin lOnra h HyaccoHa MaTepnajioB 30H;i,a h o6pa3n;a. 
0;];HaKO B CHjiy Toro, hto KonenHbie 4)opMyjit.i pemeHHH KOHmaKuiHou 
aadanu aBjiaioTca CHCTeMofi HejiHHeflHBix ypaBHeHHfl c HeaBHbiMH 3aBHCH- 
MOCTSMH OT HCKOMbix napaMBTpoB o H 6 (cM. [7j), TO fljis y;];o6cTBa npHMe- 
HeHH5i 3THX cooTHouieHHH npH HHTepnpeTaii;HH 3KcnepHMeHTajit>Hbix pe3yjib- 
TaTOB Heo6xoflHMbi jih6o peajiH3an;H5i HHCJieHHoro pemeHHa, jih6o flonojiHH- 
Tejit.Ht.iH aHajiH3 c HpHBjieneHHeM yHpoiu;aK)iu;Hx Hpe^HocbiJioK. Hnace pac- 
CMOTpHM npHMeneHHe pemeHHH repn;a k aHajiH3y BaacHtix ^jih npHKjia^HBix 
3a^aH HacTHbix cjiynaeB. 

KoHTaKT ccJjepHHGCKoro 30Hfla H ccJjepHHGCKoro (hjih njioc- 
Koro) o6pa3Li,a 

AHajiH3HpyeMaH 3^ecb 3a^aHa aKTyajibna npn paccMOTpeHHH KOHTaKTHbix 

^e(|)OpMati;HH, B03HHKaiOILi;HX npn CKaHHpOBaHHH MHKpOo6teKTOB, 4)OpMa KO- 

Toptix MOJKCT 6t.iTb annpoKCHMHpoBaHa c(J3epoiu, a TaKJKe hjiockhx o6pa3- 
n;oB, HanpHMep, tohkhx njienoK. 

Ecjih 30Hfl h o6pa3eti; b6jih3h tohkh KOHTaKTa oniicbiBaioTCH ccjDepiiHe- 
CKHMH noBepxHOCTHMH H xapaKTepii3yioTca pa;i,iiycaMii KpiiBii3Ht.i R n R', 



"'^HanpHMep, MOjiexyji pa^a 6ejiK0B ii np. 



Tor^a, 

•* = « = 5(s + S^ 

OTKy^a cjie^yex, hto a = b r cooTHomeHHH, cBH3t.iBaioiri;He napaMexpL.: sa^a- 
HH cymecTBeHHo ynpomaioTca: jierKo noKasaxb, hto o6jiacTb KOHxaKxa 6y;];eT 
npeflCTaBjiaTb co6oh OKpyjKHOCTb pa^Hyca a: 

3;i;ecb D TaKJKe onHCbiBaeTca ([T]) . 

J\jis BejiHHHHbi h — cGjiHJKeHHa soH^a h o6pa3n;a aa cnex KOHTaKTHofi 
fle4)opMaLi,HH — B 3TOM cjiyiae cnpaBe^jiHBa cJiopMyjia: 

B 3THX (JiopMyjiax, KaK h panee, F — cHJia, c^aBjiHBaiomaH son;]; h oGpaaen;. 
OopMyjibi ([21 [3]) HcnojibsyioTca, nanpHMep, aBTopaMH paGoxbi [5] npn 
npoBe^eHHH noKasaTejiBHbix oij,eHOK, BecbMa BaacHtix ;i,ji3 a^eKBaTHoii hh- 
TepnpeTaii;HH pesyjiBTaTOB ACM-Hccjie^oBaHHfl (ocoGeHHo GnonojiMMepoB, 
xapaKTepH3yioiu;Hxc3 neBbicoKHMH sHaHeHHSMH Mopyjis KDnra: E ~ 10^ -^ 

10^° na). 

OflHaKO yKasaHHBie (|)opMyjit.i hbjihiotch cjie^cTBHeM pemeHHH KOHxaKX- 
Hoit sa^aHH ^jih nacxHoro cjiynaa, h HenpHMeHHMBi, nanpHMep, ^jia anajinsa 
KOHxaKXHbix fle4)opMaii,HH 30Hfla H v^uAundpuHecKoeo o6pa3n,a. 

KoHTaKT ccJjepHHecKoro 30H/i,a h ii,HjiHH^pHHecKoro o6- 
pa3i],a 

HMeHHo Mo;];ejit. i^HjiHHflpHiecKoro o6pa3ij,a cjie^yex paccMaxpHBaxb npn 
anajiHse ;];e(|)opMaii,HH (b ACM-HccjieflOBaHH5ix) MHKpoHacxHn; ij,HjiHH^pHHe- 

CKOH 4)OpML.I (BHpyCHblX HaCXHU,, paSJIHHHBIX JIHHeHHblX MaKpOMOJICKyjI H 

np.). 

JXjis cjiynaa KOHxaKxa ccJiepHHecKoro soH^a pa^^nyca R h 6okoboh no- 
BepxHocxH n;HjTHH^pa (o6pa3ij,a) pa^nyca R' napaMexpt.1 An B Bt.ipa>Kaioxca 
cjieflyioiri,HM o6pa30M: 

A = -{- + — ], B = — . 4 

2 \R R'J ' 2i? ^ ' 

0;];HaKo B 3XOM cjiynae cooxHomeHna, aBjiaiomHecH pemeHHeM KOHxaKx- 
HOH sa^aHH, HanpaMyio ne ynpomaioxca. PeajiH3au,Ha HHCJieHHoro pemeHHa 



BosMOJKHa, HO, B cHjiy cjiojKHocTH pemaeMOH cHCTeML.1, xpeGyex npoBefleHHs 
npeflBapHTejiBHbix anajiHTHHecKHX npeo6pa30BaHHH. IIosTOMy mbi npoBejiH 
flonojiHHTejiBHbie ynpomenna HcxoflHbix cooTHomeHHit h nojiynnjiH anajiH- 
THHecKHe (|)opMyjit.i ^jih ^Byx nacTHtix cjiynaeB (6jih3khx h pasjiHHaiomHX- 
ca SHaneHHit napaMexpoB A h 5), Koxoptie Moryx 6t.ixb nojiesHbi fl^jis on;e- 
HOK npH HHxepnpexai];HH 3KcnepHMeHxajit.Ht.ix peayjibxaxoB. CpaBHenne pe- 
meHHii, HOJiyneHHtix ho HaH^eHHbiM HpH6jiHJKeHHt.iM (|)opMyjiaM, c o6tu;HM 
HHCJienHbiM pemeHHeM noKasajio xopomee coBna^eHHe (npn BbiHOJinenHH co- 
oxBexcxByiotn;HX ycjioBHfl npnGjiHaceHHtt) . 

CjiyHaii pa3JiHHaroiij,HxcH rjiaBHMx SHaneHHii cyMMapnoro xensopa 

KPHBH3HM KOHTaKTHpyiOIIJ,HX nOBepXHOCTeft 

B cjiynae KOHxaxxa 30H;i,a h Gokoboh noBepxHocxH n;HjiHHflpa, npn ycjioBHH, 
Hxo pajxiijc ii;HjiHHflpa MeHt.me pa^^nyca 30H;];a, h3 (|)opMyjit.i (jl]) cjie^yex, 
Hxo rjiaBHt.ie snaHeHHa cyMMapnoro xensopa kphbhshbi noBepxHocxefi pas- 
jiHHaioxca: A > B. Hcxo^h h3 o6tu;Hx (|)opMyji pemeHHH KOHxaKXHofl safl^aHR 
MOJKHo noKaaaxij, hxo b sxom cjiynae a < b. B cjiynae, Kor^a 3xo pasjiHHHe 
cocxaBjtaex ^ocxaxonnyio BejiHHHHy, mbi mojkcm ynpocxHxij hcxo^hbic hcjih- 
HeitHbie HHxerpajit.Ht.ie cooxHomenHsi (cm. [7]), BocHOJibsoBaBniHct. accHMH- 
xoxHKoil HOJiHoro sjijiHHXHHecKoro HHxerpaira, cnpaBeflJiHBOH npn ycjioBHH 

a^ <^ 6^, HXO, OHCBH^HO, HC 5IBJI3eXCH JKCCXKHM yCJIOBHCM! 

ir(fc) = ln(^)+..., (5) 



r^e k' = \/l — k"^. Tovj^a. j^jia cGjiHaceHHa sa cnex fle(|)opMaii,HH h HOJiynnM: 

4 \^/3 



h 



{-^) iC+l)xiFDy/'xB'/\ (6) 



Hxo HO cxpyKxype coBHa;];aex c 4)opMyjioH (|3]) p^jia c4)epHHecKoro cnynaa. 
3;];ecij 6e3pa3MepHt.iH napaMcxp C saBHcnx, Boo6tn;e roBopa, ox oxHomeHHH 
HapaMexpoB sjijinnca a n b: 

Ha ypaBHCHHS ([7]) npn hsbccxhom oxHomeHHH B/A mojkho hhcjichho onpe- 
^ejiHxij oxHomcHHe b/a, h, cooxbcxcxbchho, sHaneHHe GeapasMepnoro na- 
paMcxpa C. Hhcjichhoc pemcHHe HOKasbiBaex, hxo ananeHHe napaMcxpa C 
j^jis MHornx 3a;];aH jieacHX b ;i,Hana30He ox 1 ;];o 3, xaK, b nacxHocxH, npn 
anajiHse KOHxaxxa aoH^a {R = 10 hm) h MOJieKyjiti HyKjieHHOBofl khcjioxbi 



(i?' = Ihm), C flOCXaTOHHOH TOHHOCTblO MOJKHO BOCnOJIbSOBaTbCS COOTHOUie- 
HHCM C ^ 2. 

OopMyjibi fljis napaMexpoB sjijinnTHHecKofi oGjiacxn KOHTaKxa a h 6 necKOJit.- 

KO rpOM03^KH H Mt.1 HX He npHBO^HM, HO HO CBOefi CXpyKXype OHH coBHa^a- 

lOT c ypaBHCHHeM ([2]) . TaKHM oGpasoM Bce hckombic HapaMeTpti Moryx Gbixb 
HenocpedcmeeHHo BL.ipa>KeHt.i nepea HSBecxHbie BejiHHHHBi (F, D, A, B) h 
HapaMexp C, Koxoptiit mojkho onpe^ejinxb hs cooxHomenHa ([7]) hjih boc- 

H0JIb30BaXbC3 OH;eHKOH. 

CjiyHaii 6jih3khx rjiaBHt.ix SHa^enHH cyMMapHoro xeHSopa kphbhs- 

HM KOHTaKTHpyiOIU,HX noBepxHOCTeft 

Cjiynafl Gjihskhx sHanenHH BejiHHHH Ar B peajinsyexca, nanpHMep, j^jis sa- 
^aHH KOHxaKxa c(|)epHHecKoro aoH^a h 6okoboh noBepxHocxH ij,HjiHHflpa npn 
ycjioBHH, Hxo paflHyc ii;HjiHHflpa mhoxo 6ojiBme paflnyca soH^a. Tor^a, b ch- 
jiy cooxHomeHHii (jl]), ^eitcxBHxejiBHO A ~ S, h, mojkho noKasaxb, hxo a ~ 6. 
B 3XOM cjiynae accHMnxoxHKa ([S]) xepaex npHMeHHMocxt. h cjie^yex bochojib- 
soBaxBca ^pyrofl accHMnxoxHKofl nojiHoro sjijinnxHHecKoro HHxerpajia [8] : 

K{k) = ^il + m)[l + ...], 



rfle m = {1 — k') / {1 + k' ) , a k' = a/1 — k'^. H b sxom cjiynae fljia napaMexpoB 
oGjiacxH KOHxaKxa a n h mojkho BbiBecxH saBHCHMOcxH, coBnaflaioin;He no 
cxpyKxype c ([2]), ho 3j\ech mbi hx xaxace ne npHBO^HM. fljia c6jiH>KeHHa 
aoH^a H o6pa3Li;a sa cnex ;];e(|)opMan;HH nojiy^HM: 

Hxo, KaK H BBime, HMeex cxpyxxypy, cxo/i;HyK) c ypaBHeHHHMH ([3]) h (E]). 

T.o. H ^jiH cjiynaa 6jih3khx anaHeHHit An B Moryx 6bixB nojiyneHbi npn- 
6jiH>KeHHbie cooxHomeHHsi, noaBojiiiiomHe naitxH hckombic BejiHHHHti neno- 
cpe^cxBeHHo no HSBecxHbiM napanexpaM aa^ann. 

Bbime Mbi paccMoxpejiH KonxaKxnbie ;];e4)opMan;HH b o6jiacxH conpnKoc- 
noBenna 3on;];a n o6pa3n,a. 0;i,naKo oGntaa ^e(|)opMan;Ha, onpe;i,ejiaiom,aa sa- 
HHacenne bbicoxbi ACM-npo(|)HjiH, BKjiionaex en^e n BKjia^i; ;];e(|)opMan,HH b o6- 
jiacxH KonxaKxa o6pa3n,a n no;i,jio>KKH (nMeexca b BRpy cjiynan, Kor;];a CBepxy 
Ha oGpasen; ^aBHx aoHfl). ^jih sxoro cjiynaa, nyacno jinnib cooxBexcxByiomHM 
o6pa30M nepeonpe^ejiHXb napaMexpti A n B, paccMoxpeB reoMexpnio koh- 
xaKxa o6pa3n,a pa^nyca R' (na KoxopBiii cBepxy ^aBHx 3oh^ pa^nyca R]^ h 



^oSpascn, cjie^yeT paccMaTpHBRTb b stom cjiynae xax HSornyTBiii ii;HjiHHflp c pa^HycoM 
H3rH6a noBepxHOCTH, KOHTaKTHpyromeii c nofljioJKKOii: R + 2R' 



R' 


06jiacTb KOHxaKTa 


a a b 


p 


h 


e 


Ihm 


30H^/o6pa3en; 
o6pa3eH,/Ho;];jio>KKa 


0,46 H 2,2 HM 
0,47 H 2,4 HM 


1,6 X lO^na 
1,5 X lO^na 


0,36 HM 
0,34 HM 


18% 
17% 


cyMMapnaa ;];e4)opMan;Ha: 


0,7hm 


35% 


10 HM 


30H;i,/o6pa3en; 
o6pa3en;/Ho;];jio>KKa 


1,1 H 1,8 HM 

1,3 H 2,7hm 


0,8 X lO^na 
0,4 X lO^na 


0,29 HM 

0,21 HM 


1,4% 
1% 


cyMMapnaa ;];e(|)opMan;Ha: 


0,5 HM 


2,5% 



Ta6jiHn;a 1: CpaBHHTejibHbiH aHajiH3 KOHTaKTHbix fle4)opMan;HH fl^jis uoflfi- 
jiH n;HjiHH^pHHecKoro o6pa3n;a npn ;];Byx 3HaHeHHHx pa^^nyca: 1 h 10 hm. 
HcHOJit>3yeMt>ie napaMeTpbi 3a^aHH: Mo;];yjit. lOnra o6pa3H,a E' = 10^° Ha, 
30H^a E = 10^^ Ha, BejiHHHHa cacHMaiomeii chjibi F = 5 x 10~^ H h pa^nyc 

KpHBH3Ht.I KOHHHKa 30H;];a i? = 10 HM 

B cToji6n;ax Ta6jiHn;L.i yKa3aHL.i: R' — pa^Hyc o6pa3n;a, a m b — napaMeTpti 
oGjiacTH KOHxaKxa, P — KOHxaKXHoe ^aBjienne, h — BejiHHHHa cGjinaceHHa 
3a cHex ^e(|)opMan;HH, e — oxHocHxejitHaa fle(|)opMau;H3 {h/2R' x 100%) 



HjiocKOH no;];jio>KKH: 



1 



AHajiH3 3xoro cjiynaa ne oxjinnaexcH ox HpoBe;i,eHHoro Bbime fl^Jis 3HaHeHHH 
A n B, oHpe;i,ejiaeMt.ix (|)opMyjioH (jlj). 



npHMGHeHHe pa3pa6oTaHHoro ajiropHTMa k cpaB- 
HHTGjibHOMy anajiHsy ^e(J)opMaii,HH o6pa3Li,OB c 

paSJIHHHblMH 3HaHeHH5IMH pa/],HycoB 

B KanecxBe xecxa mbi npHMennjiH pa3pa6oxaHHL.iH ajiropnxM j^jis bbihhc- 
jieHHH KOHxaKXHbix ;i,e4)opMan;HH b Mo^ejibHbix cjiynaax n,HjiHH^pHHecKoro 
o6pa3n;a c pa^nycoM Ihm h 10 hm. Pe3yjibxaxt.i HpHBeflenbi b xa6jiHH,e 1, rflfi 
fl^jis y^oGcxBa cpaBHHxejibHoro anajiHsa Hcnojib3yioxc5i o^HHaKOBbie napa- 
Mexpbi 3a;i,aHH. 

B xa6jiHn;e npHBe^eHbi pe3yjit.xaxt>i HHCJieHHbix pacnexoB xohhofo peme- 
HHa. PacnexBi no npH6jiH>KeHHt.iM MexoflHKaM flaiox cjie^yiomHe pa3JiHHHa 
c xoHHbiM pemeHHCM: ^jih cjiynaa R' = 1 hm HpnGjinaceHHoe pemeHHe ^Jia 
cjiynaa pa3JiHHaion];Hxc3 AvlB ^aex oxjinnne b 3HaHeHHax a h 6 okojio 2%, 
H B 3HaHeHHH h — 0,5%; ^Jia cjiynaa R' = 10 hm npnGjinaceHHoe pemeHHe 
fljia cjiynaa 6jih3khx A h B j^aeT oxjinnne ox xoHHoro pemeHHa fl^jis a r b 
OKOJIO 10%, fljia h OKOJIO 1%. 



OcHOBHOH BbiBo;]; H3 pesyjibxaTOB Ta6jiHn;t.i tot, hto, npn nponnx paB- 
HL.IX ycjioBHHx, oTHocHTejiBHBie ;];e4)opMan;HH oGteKTOB c MewbiuuM pafl^Ry- 

COM KpHBH3Ht.I CymeCTBCHHO eUiUe. T.O. Mbl o6t.3chhjih ynOM3HyTt.IH BBime 

SKcnepHMeHTajiBHbiil 3(|)(|)eKT, npoaBjiHioin;HHCH b tom, hto omHOCumeAhHue 
fle4)opMaii,HH MOJiexyji nyKjieHHOBbix khcjiot cymecTBeHHO npeBbimaiOT om- 
HocumeAhHue fle4)opMan,HH nacTHn, BTM. 

CpaBHGHHe C SKCnepHMeHTaJIbHblMH flaHHblMH 

C n;ejibio sKcnepHMeHTajibHofl npoBepKH saKona "abg TpeTbHx" (cm. (|)opMy- 

jiBi dSD H dHD): 

h^{FDY/^xf{R,R'), (10) 

ML.I Hccjie^oBajiH fle(|)opMaii;HH BHpycHbix HacTHii; TaGaHHoit MosaHKH h Mojie- 
Kyji AHK npH pasjiHHHbix sHaneHHsix HarpyacaiomeH chjibi cKaHHpoBaHHs. 
P,jis BHpycHbix HacTHu, TaGaHHOH MosaHKH HaGjiio^ajiocb xopomee coBna- 
flCHHe SKcnepHMCHTa c Teopnefi (c saKOHOM "fl,Be TpeTbHx" f lTO|) ). cm. pnc. 1. 
3KcnepHMeHTajibHt.ie norpemnocTH onpe;];ejieHL.i KaK CTan^apTHbie otrjiohc- 

HHH Cpe^HHX apHC^DMCTHHeCKHX npH CTaTHCTHHCCKOH oGpaGoTKC SHaHeHHH, 

nojiyHeHHBix h3 anajiHsa hcckojibkhx ACM-H3o6pa>KeHHH ^jih KOHxpeTHoro 

SHaneHHa CHJIBI CKaHHpOBaHHH. 

TeopcTHHecKaH saBHCHMocTb nojiyHCHa no paccMOTpcHHoii mcto^hkc ana- 
jiHsa KOHTaKTHBix flccjDopMai^HH n;HjiHH^pHHecKoro o6pa3ij,a (tohhoc peme- 
HHe), rfle HcnojitaoBajiHCb snaHeHHsi R = 25 hm r E' = 3 x 10^ Ha (sna- 
HCHHs onpeflejicHbi sKcnepHMenTajibHo) . Hs pnc. 1 cjiepyeT, hto aaxoH ";];Be 
TpeTBHx" (10) cnpaBe^jiHB ^jih Hccjie;];yeMoro cjiynaa b mnpoKOM jxnana.- 
30He CHJi, 3a HCKjiioHeHHeM oGjiacTH MHHHMajiBHbix B03;];eHCTBHH. 3to mojkct 
6t>iTt> cB33aHo c TCM, HTo B sKcnepHMCHTe Ha B03;i,yxe npHCyTCTBHe KanHJI- 

JISpHBIX CHJI He H03BOJI5ieT MHHHMH3HpOBaTB CHJiy B03fleHCTBHa 30H^a Ha 

o6pa3eH; ^o BejiHHHHBi MeHBrneit, hcm hcckojibko nanoHbioTOHOB. 

JJ,jis MOJieKyji /IHK cooTBCTCTByion^aa BKCHepHMCHTajiBHaa: 3aBHCHMocTB 
H3o6pa>KeHa na pnc. 2. Bkchcphmcht npoBO^Hjica ho toh jkc cxcmc h b tcx 
>Ke ycjioBHHx, HTo H fljis cjiyHaH aHajiH3a ^e4)opMaH;HH BTM. 0/i;HaKo b pac- 
CMaTpHBaeMOM cjiynae fle(|)opMaH;HH, HO-BH^HMOMy, ne MoryT Gbitb OHHcaHti 

SaKOHOM "flBe TpCTbHx" (ITU]) . BmCCTO 3TOrO MBI HaGjHOflaCM o6t.iHHyio JIHHeil- 
HyiO 3aBHCHMOCTt>, T.e. 3aKOH Fyxa, HTO o6T.3CHHeTC5I HeBblHOJIHCHHeM B 3TOM 

cjiynae ycjioBna MajiocTH ^e4)opMaH;HH, npn KOTopoM CHpaBe;];jiHBL.i bbibo^^bi 

KOHTaKTHOH TCOpHH. To, HTO fl,JlS CJiyHaS MOJICKyjI /I,HK SKCHepHMCHTajIbHO 

H3MepeHHbie oTHocHTejibHbie ;];e(|)opMaH,HH bcjihrh jxa^Ke npn Majibix cHjiax 
BosfleitcTBHa 30H;i,a, oGt-acHHCTCH, OH3Tb ace, npncyTCTBneM KanHjijiapHbix 

CHJI (KaHHJIJIHpHOrO MOCTHKa) , HC H03B0JI5II0II];HX MHHHMH3HpOBaTb CHJiy CKa- 




CHJia BOSAfiHCTBHS SOHfla, hH 

Phc. 1: 3KcnepHMeHTajibHa}i h TeopeTHHecKaa saBHCHMOCTH ;];e4)opMan;HH 
HacTHii; BHpyca Ta6aHHOH MosaHKH ot BejiHHHHbi HarpyjKaiomeH chjibi npn 

CKaHHpOBaHHH. 
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CHJia B03AeiicTBHH sohab, hH 



Phc. 2: 3KcnepHMeHTajibHaH saBHCHMocxb fle4)opMan;HH MOJiexyji ^HK ox 
BejiHHHHbi Harpy jKaiomefi chjibi. 



HHpoBaHHH Ha Bos^^yxe flp SHaneHHii MeHbinnx, hcm necKOJibKO HanoHbioTO- 

HOB. 

BAazodapHocmt). Pa6oTa Gbijia noAAepxcana POOH, npoexT X^ 97-03-32778a. 
ABTopbi BbipaJKaioT rjiy6oKyio 6jiaro^apHOCTb K). O. /JpbirHHy, sa npnroTOB- 
jieHHe o6pa3ii,OB BTM, a xaKxce B. B. HpoxopoBy h J\. B. KjiHHOBy sa jiioGes- 
HO npeflocTaBjieHHbiH oGpasen; ^HK. 
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Quantitative methods for deconvolution of true 
topographical properties of object on the basis 
of AFM- images: 
Part 1. Contact tip-sample deformations 

M. O. Gallyamov, I. V. Yaminsky 

We assume that the sample height measured using AFM is reduced due to 
contact deformation. The Herz contact theory is applied for the quantitative 
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description. General numerical solution is found. Analytical approximations 
for specific contact geometry are derived for the case of cylindrical sample. 
It is found that theoretical description are consistent with experimental 
data. The developed approach has allowed to determine elastic parameters 
of individual microobjects adsorbed on a surface of solid substrate. 
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